Introduction {#sec1}
============

Trauma is an injury to human tissues and organs that results from the transfer of energy through the environment. Injuries are caused by some forms of energy that are beyond the body\'s resilience and tolerance. Trauma is a serious global health problem. It is the fifth leading cause of significant disability and is still the most frequent cause of death in the first four decades of life, accounting for approximately one in 10 deaths worldwide.[@bib1]

Years of life lost due to injury deaths in Egypt accounted for 8% and the fifth death leading cause in 2004. Injury in Egypt is expected to be several times higher due to the under-reporting and the defective research work.[@bib2]

Polytrauma or multiple trauma is a medical term describing the condition of a person who has been subjected to multiple traumatic injuries and it is defined by an Injury Severity Score (ISS) equal to or greater than 16.[@bib3]

Trauma to the maxillofacial region needs special attention as important sensory systems are present in the face (e.g. visual, auditory, somatic sensory & olfactory). Also, vital structures in the head and neck region are intimately associated (airway, blood vessels, nerves and gastrointestinal tracts). Lastly, such trauma causes a bad psychological impact on the patient.[@bib4]

In the developing countries, road traffic accident (RTA) is the most common cause of jaw fracture, whereas in the developed countries, assault is the most common cause and RTA comes in the second place.[@bib5]

Traumatic brain injury (TBI) is defined as damage to the brain resulting from external mechanical forces, such as rapid acceleration and deceleration impact or blast waves, in which the brain function is temporarily or permanently impaired and structural damage may or may not be detectable with current technology.[@bib5]

Brain injury can occur at the site of impact, but can also be at the opposite side of the skull due to a countercoup effect. If the impact causes the head to move, the injury may be worsened because the brain may ricochet inside the skull causing additional impacts.

Types of brain injuries includes[@bib6]: traumatic subdural hematoma, a bleeding below the dura mater which may develop slowly; traumatic epidural hematoma, bleeding between the dura mater and the skull; traumatic subarachnoid hemorrhage; brain contusion, a bruise of the brain; concussion, a loss of function due to trauma; diffuse axonal injury that may lead to coma or death; Shaken baby syndrome, a form of child abuse.

Our research question is: what are the patterns of brain injuries associated with maxillofacial fractures in polytrauma patients presenting to the Emergency Department at Suez Canal University Hospital?

As we do not have clear data in Egypt about the patterns of TBI among patients with maxillofacial fractures and its outcome in Egypt, so the aim of this study was to identify the patterns of brain injuries associated with maxillofacial trauma and its outcome.

Methods {#sec2}
=======

Research design {#sec2.1}
---------------

This study was conducted as a single centre, a cross-sectional, observational study of all polytrauma patients with maxillofacial fractures presenting to the emergency department.

Study population {#sec2.2}
----------------

All polytrauma patients with maxillofacial fractures attending the Emergency Department (ED) at Suez Canal university Hospital and fulfilling our inclusion criteria were included in the study.

Inclusion criteria {#sec2.3}
------------------

All age groups; both genders; polytrauma patients with maxillofacial fractures; positive radiological findings that prove maxillofacial fractures.

Exclusion criteria {#sec2.4}
------------------

Patients transferred from other hospitals after performing any medical or surgical procedure; patients with overlap multiple traumatic brain injuries or multiple maxillofacial injuries.

Study objectives {#sec2.5}
----------------

Primary objective: To identify the patterns of brain injuries that associates with maxillofacial trauma in polytrauma patients presenting to the Emergency Department at Suez Canal University Hospital.

Secondary objective: To improve the assessment of patients presenting by maxillofacial fractures to the Emergency Department at Suez Canal University Hospital. To identify the incidence of traumatic brain injuries associated with maxillofacial fractures. To identify the most common cause of maxillofacial injuries in Suez Canal University Hospital. To know the importance of neurological assessment in maxillofacial fracture patients.

Data collection {#sec2.6}
---------------

Data was collected in pre-organized data sheet by the researcher from patients fulfilling inclusion and exclusion criteria. Patients were clinically assessed and managed by the ABCDE protocol. All polytrauma patients that have evidence of maxillofacial fracture presented to the Emergency Department at Suez Canal University Hospital were included.

Full history (from patients or relatives) was got including: patient\'s file number; patient personal data: age, sex, occupation and residence; date of admission and date of discharge to calculate the patient\'s length of stay in the emergency department; timing of injury and timing of admission; mechanism and type of injury; history of any chronic diseases (e.g. allergy, endocrinal disease, cardiovascular disease, coagulopathy); history of drug abuse or previous disability.

Clinical evaluation {#sec2.7}
-------------------

Clinical evaluation of the patients was carried out on arrival to the emergency department.

Initial assessment: ABCDE (airway and cervical spine control, breathing, circulation, dysfunction of the central nervous system, GCS and exposure) and O2 saturation. Then careful abdominal examination was done to identify the type of abdominal trauma. Assess the condition of the patients either stable or unstable which in order to determine the needed investigations and plane of management.

Neurological examination: motor, sensory examination, reflexes, condition of the pupils and GCS assessment.

Investigations: primary survey (focused assessment with sonography for trauma -- chest X-ray -- pelvic X-ray & cervical spine), brain CT (no abnormalities detected -- subdural hemorrhage -- epidural hemorrhage -- subarachnoid hemorrhage -- contusion), and 3D skull CT.

Record of treatment {#sec2.8}
-------------------

To identify if craniotomy was done and time of the operation was registered or the patient had a conservative management.

Fate of the patient {#sec2.9}
-------------------

It was recorded whether: The patient was admitted in in-patient. The patient was admitted in ICU. The patient remained under observation in emergency room. Craniotomy was performed. The patient died.

Data management and statistical analysis {#sec2.10}
----------------------------------------

Data was collected throughout history. Clinical examination and laboratory investigation were coded, entered and analyzed using Microsoft Excel software. Gathered data was imported into SPSS (Statistical Package for Social Sciences) software program version 13.0 for analysis. According to the type of data, the following tests were used to test differences for significance; Chi square, *t*-test, and one way ANOVA with least significance difference. Chi square test and non-parametric tests were used to compare categorical variables. *P* value was set at \<0.05 for significant results.

Data was presented in the form of graphs, numeric presentations & tubular presentations.

Ethical consideration {#sec2.11}
---------------------

1)Approval of authority.2)Agreement of participant without obligation.3)Confidentiality of data.4)Explanation of our study to the participants.

An informed written consent was taken from each patient or from his relatives before taking any data or doing any intervention.

The consent will contain: All samples used in research only; Arabic title of the research; aim of the research and brief scientific background; explanation of the aim in a simple manner to be understood by the common people; all direct and indirect benefits; no harmful maneuver being used; right of the patient to refuse involving in the research and he received his usual treatment; all data being confidential; right of the participant to withdraw from the study at any time without giving any reason; all participants being announced by results of the study; right of patient to have a copy from the informed consent; signature or fingerprints of the patient or his relatives; the researcher phone number and all possible communicating methods being identified to the participant.

Budget {#sec2.12}
------

Laboratory investigations and interventions' budget were covered as a part of the health service provided in the Emergency Department in Suez Canal University Hospital. Any extra investigations were afforded by the candidate.

Results {#sec3}
=======

This descriptive study (cross-sectional) was conducted to evaluate the patterns of brain injuries that are associated with maxillofacial fractures in 90 polytrauma patients who presented to ED of Suez Canal University Hospital. And the data was collected from January 2017 to September 2017.

Our study showed that the age of the studied patients ranged from 2 to 70 years with majority of them between 21 and 30 years (40%) and the mean age of (30.7 ± 13.09) years. The majority of patients were males (63.3%), while female were (36.70%) of them ([Table 1](#tbl1){ref-type="table"}). The majority of the studied patients had motor car accident (53.30%), while falling from height was the second mechanism of trauma (30%), assault was the third mechanism (16.7%), but no patient presented due to sport trauma.Table 1Demographic distribution among the studied patients.Table 1Age (year)NumberPercentage (%)\<1066.711--201213.321--30364031--402426.641--5066.7\>5066.7Mean ± SD30.7 ± 13.09Range67.5 (2.5--70)GenderMaleFemale63.3%36.7%

The present study revealed that the majority of the studied patients suffering from persistent vomiting (60%). The patients presented with convulsions were 33.3%, while those who did not develop fits were 66.7%. Also the majority of patients who presented with loss of consciousness were less than 30 min (40%) and minority of them lost their conscious level more than 24 h (23.3%) and majority of the patients who developed post-traumatic amnesia were less than one day (40%), and minority of them had post-traumatic amnesia for more than 7 days ([Table 2](#tbl2){ref-type="table"}).Table 2Symptoms of brain injury associated with maxillofacial fractures.Table 2SymptomsNumberPercentage (%)VomitingAbsent3640Present5460ConvulsionsAbsent6066.7Present3033.3Loss of consciousness\<30min364030-24 h3336.7\>24 h2123.3Post traumatic amnesia\<1 day36401--7 days3336.7\>7 days2123.3

Our study showed that the majority of patients with TBI associated with maxillofacial fractures presented vitally stable (80%), while the minority presented vitally unstable (20%). Most of the studied patients did not need airway stabilization (76.7%), while minority of them needed airway stabilization (23.3%). The majority of patients presented with spontaneous breathing (83.3%), while some of them presented with abnormal breathing (16.7%). The majority of patients presented with GCS between 9 and 12 (43.3%), while the minority of them presented with GCS below 8 (23.4%). Patients presented by normal pupils equaled the number of patients presented by abnormal pupils (50%, [Table 3](#tbl3){ref-type="table"}).Table 3Examination of maxillofacial trauma patients with TBI.Table 3No. of patientsPercentage (%)Vital signsStable7280Unstable1820AirwayPatent6976.7Not patent2123.3BreathingSpontaneous7583.3Not spontaneous1516.7CirculationNormal7280Abnormal1820GCS\>133033.39--123943.3\<82123.4PupilsNormal4550Abnormal4550

The present study revealed that majority of patients presented by mid face fractures (50%), while 20% of them presented by lower face fractures and 30% of them presented by upper face fractures.

Patients presented with epidural hemorrhage accounted for 50%, while the minority of them presented by diffuse axonal injury and brain edema (10% for each of them, [Fig. 1](#fig1){ref-type="fig"}). Patients presented with moderate brain injury accounted for 40%, while the minority of them presented with severe traumatic brain injury (23.3%).Fig. 1Type of traumatic brain injury.Fig. 1

Craniotomy was done in 40% of these patients, while the minority of them died in the ER after presentation (6.7%, [Fig. 2](#fig2){ref-type="fig"}).Fig. 2Fate of the studied patients.Fig. 2

Patients that had upper maxillofacial fracture after road traffic accidents were 39.52%, while patients who had it after assault were 33.3%, while patients who had it after falling from height were 33.3% and no patient presented with maxillofacial fracture due to sport trauma. The patients who had mid face fractures due to road traffic accidents were 50%, while those presented with it due to assault were 40%, while those who presented due to falling from height were 55.6%. The patients who developed lower maxillofacial fractures due to road traffic accidents were 10.48%, while those developed it due to assault were 26.7%, and those developed it due to falling from height were 11.1%, which was a statistically significant relation.

The study revealed that patients presented with GCS of more than 13 were classified as follows: 30% of them presented by upper maxillofacial fractures, 30% of them presented by mid face fractures and 40% of them presented by lower face fractures, while for patients who came with GCS ranging from 9 to 12, most of them presented by mid face fractures (69.2%), while patients with upper and lower face fractures were 15.4%. The majority of patients presented with GCS less than 8 had upper face fractures (57.1%), while the minority of them had lower ace fractures (14.3%). There was a statistically significant relation between them.

The majority of patients with epidural haemorrage presented with mid face fractures (60%), while the minority of them presented with upper and lower face fractures (20% for each of them). The majority of patients presented with subdural haemorrage were associated with mid face fractures, while 25% of them presented with upper face fractures, and no patients presented with lower face fractures. The majority of patients with brain contusions associated with mid face fractures, while only 25% of them were associated with lower face fractures and none of them presented by upper face fractures. All of patients presented by pnemocephales were associated with mid face fractures (100%). The majority of patients with brain edema were associated with upper face fractures (66.7%), while 33.3% of them were associated with lower face fractures and none of them presented by mid face fractures. All of the patients with diffused axonal injury were associated with upper face fractures.

The majority of patients who admitted in the in-patient ward had mid face fractures (41.7%), while the minority of them had upper face fractures (25%). Patients who admitted to ICU had upper or mid face fractures equally (50%). Craniotomy was done mostly in patients with mid face fractures (58.3%). Patients who died had upper and mid face fractures equally (50%), which did not show statistically significant relation.

The majority of patients presented with mild TBI had mid face fracture (42.4%), while the minority of them had lower face fractures (27.2%). Most of patients with moderate TBI had upper maxillofacial fractures (66.6%). The majority of patients who had severe TBI had mid face fractures (52.4%), while the minority of them had lower face fractures (14.2%), which showed statistically significant relation.

Craniotomy was done for majority of the patients who presented with epidural haemorrage (73.3%), while the majority of patients who had subdural haemorrage admitted in ward (50%) Also most of the patients who had brain contusions admitted in ward (75%), while all of patients who had pnemocephales and brain edema admitted in ward, and the majority of patients who had diffuse axonal injury admitted in ICU (66.7%, [Table 4](#tbl4){ref-type="table"}).Table 4Relation between types of TBI and outcome of patients.Table 4FateEDHSDHContusionPnemocephalesBrain edemaDiffuse axonal brain injury*p*Admitted inward9 (20%)6 (50%)9 (75%)3 (100%)9 (100%)0\<0.05Admitted ICU3 (6.7)03 (25%)006 (66.7%)Craniotomy33 (73.3%)3 (25%)0000Died03 (25%)0003 (33.3%)

Discussion {#sec4}
==========

Maxillofacial injuries are commonly encountered in the practice of emergency medicine. More than 50% of patients with these injuries have multisystem trauma that requires coordinated management between emergency physicians and surgical specialists in oral and maxillofacial surgery, otolaryngology, plastic surgery, ophthalmology, and trauma surgery.[@bib5]

TBI is defined as damage to the brain resulting from external mechanical forces, such as rapid acceleration and deceleration impact or blast waves. The brain function is temporarily or permanently impaired and structural damage may or may not be detectable with current technology. TBI was present in 36.7% of maxillofacial cases.[@bib6]

This study showed that the age of the studied patients ranged from 2 to 70 years with the majority of them between 21 and 30 years and the mean age of 30.7 ± 13.09.

These results agree with the results of a study conducted by Hasant et al., in which the age of the studied patients ranged from 5 to 64 years with the majority of them between 21 and 30 years (51.7%) and the mean age was 29.63 ± 12.0.[@bib7]

The possible explanation for this is that people in this age group take part in dangerous exercise and sports, drive motor vehicles carelessly and are more likely to be involved in violence.

The present study showed that the majority of patients were males (63.3%), while females were 36.70% of them. These results were similar to the results of a study by Latifi, in which 72% of the studied patients were males and 28% were females.[@bib8]

Regarding the mechanism of injury, this study showed that the majority of the studied patient had motor car accident (53.30%), while falling from height was in the second mechanism of trauma (30%) and assault was the third mechanism (16.7%).

These results were similar to the results of a study done by Hasant et al., in which road traffic accidents caused 60% of the patients with maxillofacial trauma, followed by falling from heights (13.3%) and then violence (8.3%).[@bib7]

This study showed that the majority of patients presented by mid face fractures (50%), while the minority of them presented by lower face fractures (20%).These results correspond to the results of a study conducted by Rajandram et al., in which 60.9% of the patients had mid face fractures, while minority of them had upper and lower face fractures (13.4% and 25.6% respectively).[@bib9]

Concerning the type of traumatic brain injury, this study revealed that most of the studied patients presented with epidural hemorrhage (50%), 13.3% had subdural hemorrhage, while a minority of them presented by diffused axonal injury and brain edema (10% for each of them). Unlike the results of our study, the results of a study conducted by Hasant et al. showed that victims who had subdural hemorrhage accounted for 18.3%, followed by epidural hemorrhage (15%), and subarachnoid hemorrhage (11.7%). This may be due to the difference in the mode and severity of injuries.[@bib7]

This study revealed that the majority of patients presented with moderate brain injury (40%), while the minority of them presented with severe traumatic brain injury (23.3%). These results were close to the results by Hasant et al., in which 55% of the patients had moderate head injury followed by severe head injury (20%).[@bib7]

This study showed that for most of the patients admitted, craniotomy was done (40%), while the minority of them died in ER after presentation (6.7%). Unlike the results done by Zandi et al., in which 26% of the studied patients admitted inpatient while the remaining (74%) entered ICU for different duration and this difference may be the severity of the injuries and large sample size (302 patients in comparison to 90 patients only in our study).[@bib10]

This study showed that the mean age in patients with upper face fractures was (28.3 ± 15.5) years, while the mean age in patients with mid face fractures was (29 ± 9.15) years and the mean age in patients with lower face fractures was (38.6 ± 15.08) years, which was not statistically significant relation (*p* = 0.1). Also, it showed that 26.3% of male patients had upper maxillofacial fracture and 36.4% of female patients had upper maxillofacial fracture; 52.6% of male patients had mid face fractures and 45.5% of female patients had mid face fractures; and 21.1% of male patients had lower face fractures and 18.2% of female patients had lower face fractures, which was not statistically significant relation between gender and types of fractures (*p* = 0.4). These results were similar to the results of a study conducted by Latifi, in which 3.7% of male patients had upper face fractures and 3.4% of female patients had upper face fractures; 71.1% of male patients had mid face fractures and 76.9% of female patients had mid face fractures and 7.7% of male patients had lower face fractures and 5.6% of female patients had lower face fractures with *p*-value being 0.208 and it was concluded that there is no significant relationship between gender and types of fractures in this study.[@bib8]

Concerning the type of maxillofacial trauma and mechanism of injury, this study showed that 39.52% of the patients with upper maxillofacial fracture and 50% of the patients with mid face fractures were due to road traffic accidents, while 20% of patients with lower maxillofacial fractures was due to assault, which was a statistically significant relation.

These results agree with the results of a study done by Mabrouk et al., in which concerning the site of fracture in relation to cause of injury, 50% of mandibular fractures were likely to occur with violence. On the contrary, 4% of upper face fractures and 52% of mid face fractures were more likely in motor car accident (MCA).[@bib11]

Regarding the relation between the type of maxillofacial fractures and GCS, the current study showed that for patients presented with GCS more than 13, 40% of them presented by lower face fractures, while patients who came with GCS ranging from 9 to 12, most of them presented by mid face fractures (69.2%) and the majority of patients presented with GCS 8 or less had upper face fractures (57.1%), which was a statistically significant relation (*p* = 0.04). These results were similar to the results of a study by Hasnat et al., in which 54.5% of the patients with GCS 9--12 had mid face factures, 58.3% of the patients with GCS 8 or less had upper maxillofacial fractures and 80% of patients with GCS 13 or more had lower face fractures with a statistically significant relation (*p* = 0.002).[@bib7]

This study demonstrates the relation between type of maxillofacial fracture and type of traumatic brain injuries in which the majority of patients with epidural haemorrage presented with mid face fractures (60%), while the minority of them presented with upper and lower face fractures (20% for each of them). The majority of patients presented with subdural haemorrage was associated with mid face fractures (75%), the majority of patients with brain contusions associated with mid face fractures (75%) and all of the patients presented by pnemocephales was associated with mid face fractures (100%). The results of previous studies evaluating the relationship between facial and head injuries are conflicting. Hohlrieder et al. reported that Le Fort-ll and lll, orbit, nose, zygoma and maxillary fractures were associated with a 2-to 4 fold risk of intracranial hemorrhage, while mandibular fracture did not significantly increase the chance of intracranial hemorrhage.[@bib12] Haug et al. reported that although the mandible was the most frequent fractured bone in patients with concomitant facial and head injuries, mid face fractures were more frequently associated with closed head injuries than mandible fracture.[@bib13] And Kloss et al. reported the zygoma and orbit to be the most common fractured bones in a group of conscious patients with intracranial hemorrhage and concomitant facial fractures.[@bib14] These difference in the facial bone or head injury being studied and the variation in classification or methodology of prior studies may explain these conflicting results.

This study showed that the majority of patients who admitted in the in-patient ward had mid face fractures (41.7%), while the minority of them had upper face fractures (25%). Patients who admitted to ICU had upper or mid face fractures equally (50%). Craniotomy was done mostly in patients with mid face fractures (58.3%). Patients who died had upper and mid face fractures equally 50%, which was not a statistically significant relation between type of fractures and outcome (*p* = 0.2).

This study showed that most of patients with moderate TBI had upper maxillofacial fractures (66.6%) and the majority of patients who had severe TBI had mid face fractures (52.4%) which was statistically significant relation. Unlike the results of the present study, the results of a study by Hasnat et al. showed that 54.5% of the patients with moderate TBI had mid face factures, 58.3% of the patients were severe TBI had upper maxillofacial fractures (*p* = 0.002).[@bib8]

Maxillofacial fractures had 1.5 times greater chance of presenting with TBI compared with the non-facial fracture group. This is of clinical importance as it indicates that in severely injured patients with facial fractures, early neurosurgical intervention is needed and emergency computed tomography should be performed without delay to prevent the morbidity associated with TBI. Quick diagnosis and early intervention are fundamental to prevent morbidity as well as mortality especially with regards to prevention of TBI as even a short duration of hypoxia and edema will lead to significant permanent neurological deficits.

Limitations of the study {#sec4.1}
------------------------

There are some limitations of this study that should be discussed. Firstly the size of the sample population is small which could affect the results of this study. Besides that, the study only involved one Trauma Centre and the study was done only in 8 months duration, which reduces the generalization of our results. However, it must emphasize that our results are consistent with the results from larger multicenter and are statistically significant.

Recommendations {#sec4.2}
---------------

Patients with maxillofacial fractures remain a significant management challenge. A thoughtful approach to the management has the potential to optimize outcome for these conditions.

The final decision should also take into account future functionality, available recovery programs, and the patient\'s demeanor and, as a final criterion, the surgeon\'s enthusiasm and skill.

It is important for the patient and her family to understand that operative intervention will guarantee the best results and return of normal functions and physiology of the patients.

Evidence based protocols for management of TBI and maxillofacial fractures should be developed for every aspect of care, from pre-hospital health education to post hospital discharge of patients.

Neurosurgeons, plastic surgeons and emergency physicians should participate at all levels of planning for TBI & maxillofacial fractures care and management.

To increase the awareness of potential risk factors of maxillofacial fractures and how to avoid preventable causes, presenting symptoms and possible lines of management. In Egypt, MCA, alcoholism, increased violence and psychiatric diseases are factors to be considered, evaluated and try to find possible solutions for them.

Emergency Medicine Service providers should be trained and educated in the management of TBI and maxillofacial fracture patients and how to deal in critical cases.

The Ministry of Health should increase the awareness of general population about TBI and maxillofacial fractures and its possible complications.

New studies about TBI associated with maxillofacial trauma and its outcome with a larger sample size and in different centers should be carried out.

Data in many developing countries about TBI and its outcome should be available to know its definite prevalence, and follow up its mortality rate in order to improve its management.

Appendix A. Supplementary data {#appsec1}
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